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The stimulating effect of the somatotropic hormone of the anterior lobe of the hypophysis in growth is
based on its power to stimulate protein metabolism. As an anabolic hormone, somatotropin acts on every or-
gan, which distinguishes it from the other tropic hormones of the hypophysis which have a selective action on a
particular organ {(a gland of internal secretion), but which makes its biological assessment difficult.

Many methods have been suggested for the biological assay of somatotropin. Some of these are based on
the study of certain biochemical changes arising under the influence of the growth hormone (a fall in the non-
protein nitrogen, urea, or aminoc acid content of the blood in dogs[13, 27, 28], a fall in the concentration of
glutathione in the liver [16], an increase in the alkaline phosphatase or phosphorus content of the serum of hy-
pophysectomized rats [ 23], retention of nitrogen {4, 14], an increase in the inclusion of sulfur from labled meth-
ionine in the skeletal muscles [11], etc).

Other methods are based on the stimulation of the body weight of normal rats in which the natural growth
has been retarded and a so-called plateau established [10, 25], the stimulation of increase in weight of hypo-
physectomized rats [9, 24], the increase in the body weight of dwarf mice [12] and the increase in the length of
the tail of hypophysectomized rats [8].

The most widely used method at the present time for the quantitative estimation of the biological acti-
vity of the somatotropic hormone is the "tibia test”.

From examination of the development of the proximal epiphyseal cartilage of the tibia in normal and
hypophysectomized rats it has been shown [21, 26] that after removal of the hypophysis the width of the carti-
laginous epiphyseal plate is reduced and the equilibrium between the formation of cartilage and bone during
endochondral ossification is disturbed. In the normal rat [5] the reduction in the thickness of the cartilaginous
plate takes place mainly between the 40th and 65th day of life, and it subsequently proceeds at a slower rate.
Removal of the hypophysis of 25-30 day-old rats leads to a rapid decrease in the width of the epiphyseal carti-
lage, and on the 14th day after operation this becomes constant. In response to injection of growth hormone an
increase in the width of the cartilaginous epiphyseal plate of the tibia was observed in hypophysectomized rats
[22). On the basis of the data given above, a method of estimation of the biological activity of the growth
hormone was developed, using 26-28 day-old female rats from which the hypophysis was removed [17]. From
12-14 days after hypophysectomy the rats were injected intraperitoneally for a period of 4 days with somatotrop-
ic hormone.

On the day after the last injection the rats were killed and, after suitable staining, the width of the
epiphyseal cartilage of the tibia was measured under the microscope. The test was more sensitive than all
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other methods of determination of the biological acti-
vity of the growth hormone and did not take a long
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Fig. 1. Relationship between the increase in width which hypophysectomy was unnecessary [1, 2, 7, 19].

of the epiphyseal cartilage of the tibia and the dose
of somatotropic hormone.

The Effect of Methylthiouracil (30 mg per day) on the Body Weight and
the Width of the Epiphyseal Cartilage

Dgf ation of Mean increase in body ~ fMean Widﬂ? of epiphyseal

st | weighning cutiage in )

in days control ‘ MTU control I MTU
20 37 34 185 211
26 79 44 232 ' 226
30 48 28 200 190
40 74 52 258 217
55 133 62 151 187
60 135 90 204 281
60 112 58 109 132
75 149 47 94 83

Our aim was to devise a method of testing the growth hormone in which the growth of the epiphyseal
cartilage of the tibia could be inhibited without recourse to hypophysectomy. We took as our starting point
reports in the literature and our own findings { 3] that the action of ACTH and the corticosteroids was catabolic
in character and that these preparations inhibited growth.

Becks, Simpson, Li and Evans [6] observed a reduction in the thickness of the epiphyseal cartilage after
administration of ACTH. Huble [20] showed that cortisone markedly inhibits chondrogenesis in cockerels in the
zones of proliferation (epiphyseal plate) of the proximal and distal ends of the femur, tibiotarsus and tarsometa-
tarsus. Geschwind and Li [15] observed antagonism between hydrocortisone and the somatotropic hormone. A fter
injecting 24 day-old female rats simultaneously with hydrocortisone and different doses of growth hormone, these
authors observed marked inhibition of the increase in width of the epiphyseal cartilage of the tibia compared
with that taking place in normal animals in response to somatotropin.

Our aim was to find out, in the first place, whether it was possible by the use of cortisone or ACTH to in-
hibit chondrogenesis in the epiphyseal cartilage of the tibia in female rats, and to obtain in a short period of
time a reduction in the width of the epiphyseal cartilage of roughly the same degree as after hypophysectomy,
and in the second place, whether in such rats stimulation of chrondrogenesis takes place in the epiphyseal car-
tilage of the tibia under the influence of growth hormone.

EXPERIMENTAL METHOD AND RESULTS

The effect of cartisone was investigated in 120 female rats weighing 30-35 g. On each of four successive
days, 85 rats were injected with 1.5-2.0 mg of certisone, and 35 rats received 0.05 mg daily for 14 days. The
cortisone was injected once a day, subcutaneously. In all the experiments the cortisone inhibited the prolifera-
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ation of the epiphyseal cartilage of the tibia and
caused a reduction in its width. When 1.5 mg of
cortisone* was injected daily for 4 days, the reduc-
tion in the width of the cartilaginous plate was 92-302
p,s or 23-63% of the control values, with an average
of 41%. 1Injection of 0.5 mg of cortisone daily for

14 days caused a reduction in the width of the epi-
physeal cartilage by 23-147 yt, or 8-39 % of the con~
irol values, an average of 26%. The first method of
injection of cortisone thus caused a more marked re-
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tibial epiphysis than the second. We compared the
/ g effect of injection of cortisone with that of removal

of the hypophysis. The reduction in the width of the
cartilaginous plate on the 14th day after hypophysec-
tomy was on the average 4%, and after daily injec-
tion of 1.5 mg of cortisone for 4 days, it was 41%,

Fig. 2. The effect of combined injection of somato-
tropic and thyrotropic hormones on the width of the
epiphyseal cartilage of the tibia,

a) Administration of thyrotropic hormone in a dose of

400 y; b) administration of throtropic hormone in a A similar although weaker effect was observed
dose of 75 y; 1) thyrotropic hormone; 2) somatotropic after the use of ACTH-zinc phosphate, i.e. a long~
hormeone; 3) somatotropic and thyrotropic hormones. acting preparation (10-20 units daily for 4 days).

The width of the cartilaginous plate was reduced by 72-207 y, i.e. by 21-44% of the control values, on
the average by 82% (results for 45 rats). It must be emphasized that ACTH of the ordinary variety of action had
no effect on the proliferation of the epiphyseal cartilage of the tibia, which was probably due to the fact that
this preparation was rapidly excreted from the body.

We had at our disposal several samples of somatotropic hormone (8TH), prepared in biochemical and ex-
perimental production laboratories of the All-Union Institute of Experimental Endocrinology, which contained
insignificant traces of thyrotropin (less than 75 y/mg STH). When injected intraperitoneally in a daily dose of
75 and 100 y for 4 days to 100 intact rats, in which proliferation of the epiphyseal cartilage was inhibited by
cortisone, 8TH stimulated growth of this cartilage and increased the width of the epiphyseal plate by 49-135
(400 y STH) and by 57-187 p (300 y STH), i.e. on the average by 87 p. The width of the epiphyseal carti-
lage was thus restored on the average by 50%. Similar results were obtained by the action of STH on 30 rats
receiving ACTH-zinc phosphate. The results obtained were compared with the results following administration
of a highly purified preparation of growth hormone, standardized in international units. 300-400y of such a
highly purified STH also stimulated growth of the epiphyseal cartilage of the tibia on the average by 50% com-~
pared with control animals receiving cortisone.

We investigated the effect of various doses of STH from 100 to 800 y (total dose) on the increase in
width of the epiphyseal cartilage. With an increase in the dose of STH from 100 to 300 y, a direct relation-~
ship was observed between the increase in width of the cartilaginous plate of the tibia in rats receiving cortisone
and the dose of STH. Increasing the dose to 400y and above was not accompanied by any further increase in
the growth of the cartilage (Fig. 1).

On the basis of the results obtained we considered it possible to use intact female rats, weighing 30-35
g, for the biological assay of growth hormone, by replacing the complicated operation of hypophysectomy by
injection of cortisone or ACTH-~zinc phosphate according to the method described as follows.

Cortisone is injected subcutaneously in a single daily dose of 1.5-2.0 mg for 4 days. After the injections
of cortisone have come to an end, STH is injected intraperitoneally in a daily dose of 75 or 100y for 4 days.
This daily dose is given as three separate injections. The total dose of STH is 300-400 y. 24 hours after the
last injection of STH (the 9th day after the start of the test) the animals are killed and one or both tibias are
removed, freed from soft tissues, split longitudinally and quickly stained or fixed in 10% formalin, the further
treatrent of the bone being according to the method described by Greenspan, Li, Simpson and Evans [17, 18].

# Cortisone from the firms of Merck, Roussel and Biddle Sawyer.
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Before staining, the specimens are washed in water for half an hour, transferred to acetone for 1 hour and then
again washed in water for half an hour. The bone is next placed in a freshly prepared 2% solution of silver
nitrate for 1%4-2 minutes, rinsed in water, and exposed in water to the action of sunlight or illuminated with

a clear electric lamp until the calcified areas stain a dark brown color. The stained halves of the bone are
immersed for 25-30 seconds in 10% hyposulfite, rinsed in tap water for half an hour and allowed to stand in
80% ethyl alcohol in the dark. The width of the cartilaginous plate of the proximal epiphysis is measured by
means of an ocular micrometer under low-power magnification of the microscope. Not less than 10 measure~
ments are made of each half of the bone, and these values are converted into microns. Where cortisone is un~-
obtainable it may be replaced by ACTH-zinc phosphate (10-20 units once a day, subcutaneously, for 4 days).*

We also investigated the possibility of using methylthiouracil (MTU) as an inhibitor of growth of the epi-
physeal cartilage of the tibia [1]. In 8 series of experiments we gave 30 mg of MTU daily with the diet for
20-75 days. Besides complete failure of the animals to gain weight, or even loss of weight, in accordance with
the reports in the literature [1, 2], we observed that the width of the epiphyseal cartilage was small. When we
compared the width of the epiphyseal cartilage in 80 rats receiving MTU and 80 control animals of the same
age, however, we found that the reduction in the width of the epiphyseal cartilage was not only the result of the
action of MTU but also was in consequence of the retardation of growth due to age. In control animals not re-
ceiving MTU, the cartilaginous plate was roughly of the same width as in animals of the same age exposed to
the action of MTU (see Table),

The failure of the animals receiving MTU to gain weight, associated with absence of changes in chondro-
genesis in the tibial epiphysis, is probably evidence of the reduction in body weight of the rats in which the
thyroid gland wasblocked chemically being due not only to inhibition of true growth but also to disturbance of
metabolism caused by exclusion of the function of the thyroid gland. Injection of STH in a total dose of 400 y
to rats both receiving and not receiving MTU increased the width of the epiphyseal cartilage on the average by
404,

In conclusion we consider it necessary to draw attention to the importance of contamination of the STH
preparation with thyrotropic hormone. From our observations, which are in agreement with findings in the
literature, thyrotropichormoneina dose of 400 ¥ has an'insignificant effect on the proliferation of the epiphy-
seal cartilage (19 pu). However, after the simultaneous injection of 400 y of thyrotropic hormone and 100 y of
STH (i.e., an ineffective dose), a significant increase in the width of the cartilaginous plate of the proximal
tibial epiphysis was observed (Fig. 2). In other words, synergism exists between the thyrotropic and somatotrop-
ic hormones, which interferes with the objective assay of the growth hormone by means of the tibial test.
After the simultaneous injection of small doses of thyrotropic hormone (75 y) with STH, no synergism was ob-
served in relation to the growth effect. For a correct estimation of the biological activity of STH, it is there-
fore essential to make allowance for the content of thyrotropic hormone therein. Only when the contamination
by the latter is insignificant (75 y/mg STH) can the action of the growth hormone, qualitative and quantitative,
be objectively assessed.

SUMMARY

A method of evaluating the biological effect of the somatotropic hormone is given. It is based on the
ability of the growth hormone to stimulate the proliferation of the epiphyseal cartilage of rat's tibia. The
inhibition of the proliferation of the epiphyseal cartilage is reached by the subcutaneous administration of cor-
tisone for 4 days (1.5 mg once a day). Subsequent injections of the somatotropic hormone (75-100y daily for
4 days) reestablish the width of the epiphyseal cartilage to 50% on the average. In the absence of cortisone it
may be replaced by ACTH-zinc-phosphate (10 units subcutaneously once a day for 4 days). The usual ACTH
cannot be employed for this purpose.

* When our research had been completed, the abstracting journal "Biologiya" [No. 6, 1957] published an ab-
stract No, 24314 of the paper by P. Sforzini, M. Negri and A. Mazzarella, from which it was gathered that these
workers had successfully used large doses of AGTH to suppress growth of the epiphyseal cartilage of the tibia
and had subsequently stimulated growth by means of growth hormone.

370



LITERATURE CITED

[17 N. K Demokidova and M. Ya. Kabak, Problemy ﬁndrokrinol. i Gormonoterap., 3, No. 2, 111-113
(1957).

[2] M. Ya Kabak and E. B. Pavlova, Doklady Akad. Nauk SSSR, 67, No. 5, 945-948 (1949),
(3] L. A Eskin, Problemy Endokrinol. i Gormonoterap. 1, 1, 52-59 (1955).
[4] P.D. Bartlett and O. H. Gaebler, Endocrinology 43, 329-335 (1948).
{5] H. Becks, M. E. Simpson and H. M. Evans, Anat. Rec. 92, 109-119 (1945).
[6] H. Becks, H. W. Simpson, C. H. Li et al., Endocrinology 34, 305-310 (1944).
[71 G. Dalfino, Folia endocrinol. 10, 317-326 (1957).
[8] E. Dingemanse, I. Freud and I. E. Uyldert, Acta Endocrinol. 1, 71-96 (1948),
[9] H M. Evans, N. Uyei, Q. R. Bartz and M. E. Simpson, Endocrinology 22, 483-492 (1938).
{10} H. M. Evans, M. E. Simpson and C. H. Li, Growth 12, 15-32 (1948).
[11] F. Friedberg and D. M. Greenberg, Arch. Biochem. 17, 193-195 (1948).
[12] P. Fuss-Beck, Acta pharmacol. Toxicol. 3, 3 (1947).
{13} O. H. Gaebler, J. Exper. Med. 57, 349-363 (1933).
[14] O. H. Gaebler and W. H. Price, J. Biol. Chem. 121, 497-506 (1937).

[15] J. Geschwind and C. H. Li, International Symposium the Hypophyseal Growth Hormone, Nature and
Actions, London 1955, 28-53.

[16] H. Goss and P. W. Gregory, Proc. Soc. Exper. Biol. Med. 32, 681-683 (1935).
[17] F. S. Greespan, C. H. Li, M. E. Simpson et al,, Endocrinology 45, 455-463 (1949),
[18] F. 8. Greenspan, et al,, C. W, Emmens, Hormone Assay, New York 1950, 73,
[19] M. Griffiths and F. G. Joung, J. Endocrinol. 3, 96-106 (1942).

[20] J. Huble, Acta Endocrinol. 25, 59-63 (1957).

[21] T. H. Ingalls, Endocrinology, 29, 710-724 (1941).

[22] E. A. Kibrick, H. Becks , W. Maix et al., Growth, 5, 437-447 (1941).

[23] C. H. Li, 1. Geschwind and H. M. Evans, Endocrinology 44, 67-70 (1949).
[24] C. H Li, H. M Evans and M. E. Simpson, J. Biol. Chem. 159, 353 (1949).
[25] W. Marx, M. E. Simpson and H. M Evans, Endocrinology 30, 1-10 (1942).
[26] R. D. Ray, H M. Evans and H. Becks, Avm. J. Path, 17, 509-528 (1941).

[27] H. M. Teel and H. Cushing, Endocrinology 14, 157-163 (1930).

[28] H. M. Teel and O. Watkins, Am. J. Physiol. 89, 662-685 (1929).

371



